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The effect 01 several abiotic and biotic lactors (island area, distance lrom a 
potential colonizing source, sex, age and diet 01 the host) on helminth diversity 
01 the endemic balearic lizards Podareis pityusensis and Podareis lilfordi caught 
on small islets 01 the Balearic Islands (Western Mediterranean), has been studied, 
564 p, pityusensis and 386 P. lilfordi hosts were examined lor helminths. The 
variables "size 01 the island" and "distance to a potential colonizing source", in 
relation to helminth diversity, do not lit those predicted by the Theory of Island 
Biogeography. In P. pityusensis, older hosts harbour more diverse inlracom-
munities because 01 the high population densities in small islets. The trend to 
herbivorism shown by both hosts is a secondary adaptation with no phylogenetic 
significance. 
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EFECTE D'ALGUNS FACTOR S SOBRE LES INFRACOMUNITATS PARAslTES 
DE SARGANTANES DEL GENERE PODARCIS EN LES ILLES BALEAR S 
(MEDITERRANIA OCCIDENTAL). Hom ha analitzat diversos lactors abiotics i 
biotics (superlicie de les iIIes o illots, distancia a una potencial lont de 
colonitzaci6, sexe, edat i tipus d'alimentació del hoste) en relaci6 a la diversitat 
helmintiana de les sargantanes endemiques de les illes Balears, Podareis 
pityusensis i Podareis lilfordi, capturades en iIIes i illots de I'arxipelag (Mediterrania 
occidental). Un total de 564 especimens de P. pityusensis i 386 de P. lilfordi 
loren analitzades helmintologicament. Les variables grandaria de I'illa i distancia 
a una potencial lont de colonitzaci6 en relació amb la diversitat helmintiana no 
s'ajusta a allo que prediu la Teoria de la Biogeogralia Insular. En p, pityusensis, 
els hostes mes vells tenen inlracomunitats més diverses a causa de les grans 
densitats de poblacions de sargantanes en illots petits. La tendencia cap a 
I'herbivorisme que tenen tots dos hostes és una adaptació secundaria sense 
sig nificació lilogenetica. 
Paraules elau: sargantanes, helmints parasits, ecologia, Mediterrania Occidental. 
Vicente ROCA, Departament de Biologia Animal (Parasitologia Animal). Faeultat 
de 8iologi8, Universitat de Valencia. Dr. Moliner, 50 46100 Burjassot, Valencia. 
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Introduction 
Lizards of the genus Podareis Wa-
gler, 1830 are a large group of saurians 
widespread along the Mediterranean 
Basin, living in continental and insular 
habitats. Al! the present species come 
from one or very few stocks which 
colonized al! the Mediterranean area 
during the Mesinian period (Alcover, 
1988). Different aspects of the biology 
of these reptiles have been investigated 
(Pérez-Meliado & Salvador, 1981; Salva-
dor, 1986 a,b; Bruno, 1988 a,b; Lanza, 
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Table 1. Infestation parameters of the helminth species parasitizing P. pityusensis. Number 
of sampled hosts = 564; n = number of parasitized hosts. 
Taula 1. Parametres d'infestació deIs parasits de P. pityusensis. Nombre d'hostes analitzats 
= 564; n = nombre d'hostes parasitats. 
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1988; Pérez-Mellado, 1989; Brown et al. 
1992; Delaguerre & Cheylan, 1992; 
Salvador, 1993; and chapters in Valakos 
et al. 1993). However, parasitological 
studies aremuch more scarce and 
unsystematic. Although several studies 
concerning reptile parasitological ecology 
have been made (see Aho, 1990; Roca 
& Hornero, 1994), the present study is 
the first one concerning European 
reptiles connecting several abiotic and 
biotic factors with their parasite faunas. 
This paper deals with helminths from 
two endemic lizards from the Balearic 
Islands, Podareis pityusensis (Boscá, 
1883) and Podareis lilfordi (Günther, 
1874) (Reptilia: Lacertidae). P. pityusen-
sis occurs in Eivissa and Formentera 
islands, and in the small islets around 
them, while P. lilfordi can only be found 
in the small islets surrounding Majorca 
and Minorca. 
Prevelance Intensity Abun-
01 inlection dance 
Helminth species Site 01 inlection n (%) Range x x 
DIGENEA 
Paradistomum mutabile gall-bladder 42 10.9 1-26 6.5 0.7 
Brachylaima sp.(larvae) intestine 3 0.8 1-2 1.3 0.01 
NEMATODA 
Skrjabinodon medinae cloaca 96 24.9 1-17 4.1 1.0 
Spauligodon cabrerae cloaca 161 41.7 1-109 12.2 5.1 
Parapharyngodon bulbosus cloaca 14 3.6 1-14 6.5 0.2 
Parapharyngodon micipsae cloaca 25 6.5 1-11 3.8 0.2 
Skrjabinelazia hoffmanni intestine 4 1.0 1-5 2.0 0.02 
Abbreviata sp. intestine 1 0.3 
Acuaria sp.(larvae) body cavity 4 1.0 1-20 6.8 0.1 
Spirurida gen. sp.(Iarvae) body cavity 4 1.0 1-6 2.8 0.02 
ACANTHOCEPHALA 
Centrorhynchus sp.(Iarvae) body cavity 4 1.0 1-5 2.3 0.02 
Table 2. Infestation parameters of the helminth species parasitizing P. lilfordi. Number of 
sampled hosts = 386; n = number of parasitized hosts. 
Taula 2. Parametres d'infestació deis parasits de P. lilfordi. Nombre d'hostes analitzats = 386; 
n = nombre d'hostes parasitats. 
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Populations 01 P. pityusensis xH SIZE (km2) DISTANCE(m) i<CONVEG 
Eivissa 0.128 541 57.5 
Vedra-Vedranell 0.250 0.621 2000 78.0 
Murada 0.129 0.013 200 68.8 
Calders 0.310 0.028 5 71.7 
lila de S'Hort 0.070 0.005 150 70.0 
Tagomago 0.322 0.521 500 63.3 
Es Canar 0.275 350 
Sta.Eulalia-Redona 0.299 0.04 700 70.7 
Ses Rates 0.111 0.018 400 60.0 
Es Malvins 0.387 0.097 2200 40.8 
Ses lIIetes Negres 0.173 0.037 1850 50.0 
Es Penjats 0.168 0.12 1500 60.8 
Sa Torreta 0.066 0.088 75 5.0 
S'Espalmador 0.148 2.09 250 48.6 
S'Espardell 0.501 0.85 4250 10.0 
lila den Pou 0.031 150 
Formentera 0.571 83 50.0 
Populations 01 P. li/fordi 
Aire 0.111 0.342 1000 86.5 
Rei 0.054 0.042 200 74.0 
Colom 0.175 0.402 250 71.3 
Addaia 0.083 0.129 600 62.5 
Sargantana-Rovells 0.109 0.030 100 61.8 
Nitge (Porros) 0.101 0.106 450 33.5 
Table 3. Island size, distance Irom a potential colonizing source, mean values 01 
consumption 01 vegetable matter by the hosts and xH of the helminthfauna of P. pityusensis 
and P. li/fordí. 
Taula 3. Grandar;a de les i/les, distancia a una potencial font de colonítzació, valors mitjans 
del consum de materia vegetal pe/s hostes, i xH de la fauna parasita de P. pityusensis i 
P. IiIlordi. 
Materials and methods 
Between 1987 and 1991, several 
islands and islets of the Balearic 
Archipelago were visited. In sorne of 
them, lizards of both host species were 
collected by hand. Specimens from 
museums and private collections were 
also studied. 564 P. pítyusensís and 
386 P. /ilfordí were examined; the 
number of specimens of each host 
species studied from each island and/or 
Islet, is given in Roca & Hornero 
(1991a) and Hornero & Roca (1992). 
Biometric data, sex and age were 
recorded from all the specimens. 
Although Marco (1988) considered 
three age classes for Lacerta schreíberí 
Bedriaga, 1878 (Reptilia: Lacertidae) 
(adults, subadults and juveniles), we 
divided our host sample into two age 
classes, adults and non-adults (including 
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subadults and juveniles) following Roca 
et al. (1990). 
Data on feeding habits were made 
available to us by Dr. Valentín Pérez-
Mellado from the University of 
Salamanca (Spain). 
Helminths were collected, fixed and 
mounted according to routine techniques 
(Roca & Hornero, 1994). The parasites 
were identified at species level and the 
numbers and location of all individuals of 
each species were recorded (se e Roca 
& Hornero, 1991 a; Hornero & Roca, 
1992). Tables 1 and 2, show the total 
number of parasite species and the 
infestation parameters, for each host. 
We follow Margolis et al. (1982) and 
Esch et al. (1990) in the use of descrip-
tive ecological terms. AII statistical 
analysis were performed using standard 
methods (Sokal & Rohlf, 1981). 
Pearson's correlation test was used 
to establish the relationship between 
"mean helminth diversity" (Brillouin's (H) 
diversity index) (see Magurran, 1988) 
and several variables as "island size" 
(km2), "distance to a potential colonizing 
source" (m) and "consumption of 
vegetable matter" (volumtvolum of 
preys). In the populations of P. 
pityusensis (Table 3) a Kolmogorov-
Smirnov test showed that the variable 
"island size" does not fit a normal 
distribution. The fitting was made by 
transformation to In (Z= 0.75; p>0.05 in 
the case of In size; and Z= 0.543; p> 
0.05 in the case of In xH). 
Results 
a) Island area effects 
In P. pityusensis (Table 3) no 
relationship was found between helminth 
diversity and the size of the islets (r= 
0.3261; p> 0.05). In the populations of 
P. filfordi (Table 3), no correlation was 
significant between both variables (r= 
0.7285; p> 0.05). 
b) Distance from a potential colonizing 
source 
In P. Iilfordi (Table 3) the 
correlation between helminth diversity 
and the distance to a potential coloni-
zing source (Minorca) was not signifi-
cant (r= 0.2209; p> 0.05). For the popu-
lations of P. pityusensis, the potential 
colonizing source is Eivissa or Formen-
tera. A positive correlation was found 
(r= 0.7293; p< 0.05). 
c) Sex and age class of the host 
Diversity parameters (Brillouin's 
index, number of helminth species and 
number of helminths) (Table 4) have 
been compared. For P. pityusensis, the 
ANOVAS show significant differences 
between age classes but not between 
sexes (Table 5). Age and sex were not 
interactive. Adult specimens have a 
greater number of helminths and 
helminth species than non-adults (Table 
4). For P. lilfordi, the ANOVAS show 
significant differences between age 
classes. The difference is caused by 
the number of helminth species but not 
by the total number of helminths (Table 
5). Also significant differences between 
sexes in relation with Brillouin's index 
were found, but this sex influence in the 
diversity dissapears if the probability 
level is set to 0.01. 
d) Diet effect 
The helminth faunas of P. pityusen-
sis and P. lilfordí are typical of carnivo-
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P. pítyusensís MALES FEMALES 
adults non-adults adults non-adults 
H 0.29±0.31 0.12±0.20 0.27±0.29 0.19±0.29 
Nsphel 1.68±1.08 1.08±0.66 1.39±0.99 0.97±0.92 
Ntothel 23.55±39.23 8.08±13.39 18.59±33.32 8.17±15.79 
P. lilfardí 
H 0.11±0.21 0.21±0.24 0.06±0.15 0.17±0.23 
Nsphel 1.05±0.72 1.04±0.82 0.83±0.64 1.00±0.86 
Ntothel 9.47±15.34 8.14±12.32 8.51±13.07 4.77±7.03 
Table 4. Diversity parameters of the helminth communities of P. pityusensis and P. Ii/tordi 
related to the sex and the age classes of the hosts. Nsphel = number of helminth species; 
Ntothel = number of helminths. 
Taula 4. Parametres de diversitat de les comunitats helmintianes de P. pityusensis i P. lilfordi, 
en relació al sexe i la classe d'edat deis hostes. Nsphel = nombre d'espécies d'helmints; 
Ntothel = nombre d'exemplars d'helmints. 
P. pityusensis SEX AGE CLASS AGE x SEX 
H 0.011 14.557 • 1.119 
Nsphel 0.136 17.133 • 1.504 
Ntothel 0.316 28.329 • 2.849 
P. lilfardí 
H 4.211 • 10.047 • 0.005 
Nsphel 3.680 8.687 • 0.055 
Ntothel 0.256 0.883 1.903 
Table 5. F values generated by an ANOVA to determine the effect of sex and age classes 
of the hosts over the mean ranges of the diversity parameters of the helminth communities 
of P. pityusensis and P. Ii/tordi. p < 0.05. 
Taula 5. Valors de F generats per una analisi ANOVA per a determinar I'efecte del sexe i 
la classe d'edat deis hostes sobre els rangs mitjans deis para me tres de diversitat de les 
comunitats helmintianes de P. pityusensis i P. lilfordi. 
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rous reptiles because: (i) they have 
species with indirect life cycles; (ii) are 
rich in parasitic groups; and (iii) show 
typical Pharyngodonidae of carnivorous 
reptiles and non e of the herbivorous 
reptiles. 
Quantitatively, the mean s of con-
sumption of vegetable matter of the 
individuals of eaeh population (the 
consumption was calculated as volume 
with respeet to total volume of preys 
(Corti & Pérez-Mellado, 1991; Pérez-
Mellado, pers. comm.) and the means 
of the Brillouin's index (Table 3) were 
analyzed. No correlation was found for 
P. pityusensis (r= -1.785; p> 0.05) and 
P. lilfordi (r= 0.6247; p> 0.05). So, the 
consumption of vegetable matter by 
endemic Balearic lizards does not affect 
their helminth diversity. 
Discussion 
a) Island area effects 
In a specific area with a more or 
less uniform climate (as in our case) 
there is a relationship between the 
surface of a sampling area and the 
number of living species (Darlington, 
1957). Mac Arthur & Wilson (1967) 
observed that the surface has no direct 
effect on the number of species but it 
is related with other factors such as 
habitat variation, which, in turn, may 
affect species diversity. This situation is 
much more complicated when conside-
ring parasites. Generally larger islands 
harbour a greater number of parasitic 
species beeause a large island size 
probably implies great diversity of 
habitats. So, the greater the number of 
free-living species of potential inter-
mediate or definitive hosts is, the higher 
the possibility of many parasitic species 
(Mas-Coma et al. 1987). Nevertheless, 
there are many exceptions to this rule 
because the presence or absence of a 
particular host may produce a pronoun-
ced deviation of the number of helminth 
species (Mas-Coma et al. 1987). In our 
case, the islets sampled have no diffe-
rent habitats but all show uniform xerie 
biotopes. In addition, there is no posi-
bility of several potential hosts in the 
large or small islands or islets because 
the only lizards (Lacertidae) in the 
archipelago are P. pityusensis in the 
Pityusic and P. lilfordi in the Gimnesic 
islets (islets surrounding Minorca). In 
spite of this, there is no correlation 
between island size and helminth diver-
sity, as noted also by Kennedy (1978) 
and Dobson et al. (1992), concluding 
that the local conditions of each island 
are determinant factors in the composi-
tion of parasitic faunas. 
b) Distance from a potential colonizing 
souree 
The theory of Insular Biogeography 
predicts a relationship between the 
number of species living in an island 
and the distance of that island to a 
potential colonizing source. This rela-
tionship is based on the idea of the 
equilibrium between immigrant species 
and species in extinction (Mac Arthur & 
Wilson, 1967). Kuris & Blaustein (1977) 
objected the application of this general 
principie to the parasitic world. Kennedy 
(1978) and Dobson et al. (1992) did not 
find any correlation between the number 
of parasitic species from a host and the 
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Fig. 1. Diagram showing the proportional distances of islets (circles) where P. pityusensis 
occurs, to the potential colonizing source. The number of helminth species is indicated in the 
circles. 
Fig. 1. Diagrama que mostra les distancies proporcionals que hi ha entre els illots on es 
troben les poblacions estudiades de P. pityusensis i la tont potencial de colonització. Dintre 
deis cercles s'indica el nombre d'especies d'helmints. 
distance of the island where it lives to 
the potential colonizing source. 
For P. lilfordi, our results agree 
with those of Kennedy (1978) and 
Dobson et al. (1992). The absence of 
correlation may be due to the short and 
similar distances separating the islets 
from the main island (Minorca). The 
positive correlation between both varia-
bies found in the case of P. pityusensis, 
gene rally shows that there are more 
helminth species on the islets more 
distant from the main island (Fig. 1), 
contrary to the prediction of Mac Arthur 
& Wilson's theory. So, the low applica-
bility of some. concepts of such theory 
to the parasitic world is confirmed. 
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e) Sex and age class of the host 
For both hosts we can say that the 
sex has no influence in their helminth 
diversity. Our results agree with those 
of Roca et al (1990) for other lizards. 
Regarding the influence of the age 
class on helminth diversity of the host, 
our results on P. pityusensis agree with 
those of Roca et al. (1990) for Lacerta 
schreiberi. Adults of P. pityusensis are 
always more parasitized, probably due 
to: (i) the greater opportunity for infesta-
tion of the adults; and (ii) in monoxe-
nous species, the higher number of 
contacts between lizards implying a 
larger probability of infection. Con si-
dering that the high population den sities 
of lizards in many islets and their small 
size are factors favouring intraspecific 
contacts, these are probably more 
frequent among the adults because of 
sexual contacts and sexual and/or 
territorial fights. 
P. Ii/fordi shows an unusual status 
in respect with other lizards: the non-
adult females show a higher number of 
helminth species. 
d) Diet effects 
AII the plathelminth species 
(digenea and cestoda) presumably have 
heteroxenous life cycles, and also the 
nematodes S. hoffmanni, Abbreviata sp., 
Acuaria sp. (Iarvae), Spirurida gen. sp. 
(Iarvae) and the acanthocephalan 
Centrorhynchus sp. (Iarvae)(McAllister & 
Trauth, 1985; Roca & Hornero, 1991 a). 
The Pharyngodonidae nematodes and 
also S. ophiusensis have direct life 
cycles (Petter & Ouentin, 1976; Roca & 
Hornero, 1992). 
The nematodes Oxyuroidea parasi-
tizing Palearctic lizards belong to the fa-
mily Pharyngodonidae Travassos, 1919. 
In this family, two evolutionary lineages, 
morphologically distinguishable on the 
basis of the evolution of the caudal end 
in the male (Petter, 1966; Petter & 
Ouentin, 1976), are recognized. The 
species included in each of the two 
evolutionary lineages infect respectively 
two distinct groups of hosts. One of 
them includes nematodes parasitizing 
only carnivorous reptiles (mainly Sauria), 
being the more representative the gene-
ra Pharyngodon Diesing, 1861, Skrjabi-
nodon Inglis, 1968, Spauligodon 
Skrjabin, Schikhobalova et Lagodovska-
ja, 1960 and Parapharyngodon Chatterji, 
1933 (Oxyuroidea: Pharyngodonidae). 
The other one includes nematodes 
parasitizing herbivorous iguanas and 
tortoises (Testudo spp.) belonging to the 
genera Tachygonetria Wedl, 1862, 
Mehdiella Seurat, 1918, Alaeuris Tha-
par, 1925, Thaparia Ortlepp, 1933, 
Ortleppnema Petter, 1966, Ozolaimus 
Dujardin, 1845, Travassozolaimus Vigue-
ras, 1938 and Mamillomacracis Dosse, 
1939 (Oxyuroidea: Pharyngodonidae). 
Data from Roca & Hornero (1991b) on 
Mediterranean Sauria and Testudines 
agree with the hypothesis of Petter & 
Ouentin (1976), which is why the herbi-
vorous tortoises Testudo graeca Lin-
naeus, 1758 and Testudo hermanni 
Gmelin, 1789 (Reptilia: Testudinidae) 
show a peculiar group of Pharyngodoni-
dae nematodes (Roca, et al., 1988a,b) 
while the saurians, all carnivorous, have 
completely different parasites. 
Special attention is paid to insular 
lizards because many populations of 
several species show more or less a 
pronounced trend to herbivorism. This 
occurs in many islands and islets of the 
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Mediterranean and particularly in the 
Balearic Archipelago (Corti & Pérez-
Mellado, 1991; Pérez-Mellado, 1989; 
Pérez-Mellado et al., 1991). Although in 
the populations of P. pityusensis and P. 
lilfordi certain degree of herbivorism has 
been noted, according to our results, 
this herbivorism must be considered as 
a secondary adaptation. Pérez-Mellado 
(pers. comm.) and Pérez-Mellado et al. 
(1991) also denote the herbivorism of 
the Balearic lizards as an adaptive 
response related to the trophic 
availability and to the evolutionary age 
of the lizard population on each island. 
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